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Carol’s	  4	  Cell	  Compact	  200	  –	  
1000	  MeV	  Proton	  FFAG	  

•  We	  implemented	  Carols	  compact	  FFAG	  in	  PyZgoubi.	  

•  Cell	  definiCon	  presented	  some	  challenges.	  
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Carol’s	  4	  Cell	  Compact	  
FFAG	  200	  –	  1000	  MeV	  

•  Carol	  provided	  the	  specificaCons	  of	  the	  cell	  and	  magneCc	  field	  parameters.	  
•  MagneCc	   field	   is	   non-‐linear,	   non-‐scaling,	   therefore	   DIPOLES	   module	   used	   in	   Zgoubi/

PyZgoubi.	  
•  As	  the	  magnets	  are	  not	  rectangular	  or	  sector	  type	  and	  wedge	  angles	  are	  uClised	  in	  Carol’s	  

design,	  we	  must	  think	  a	  liUle	  more	  about	  how	  to	  implement	  the	  magnets.	  
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•  Two	  DIPOLES	  units;	  one	  for	  
the	  F	  and	  one	  for	  the	  D.	  

•  The	  radius	  in	  DIPOLES	  is	  set	  
to	   a	   very	   large	   value	   to	  
make	   it	   go	   essenCally	   to	  
infinity	   as	   this	   is	   NOT	   a	  
sector	  magnet.	  	  

•  Entrance	   and	   exit	   field	   is	  
defined	   inside	   the	   DIPOLES	  
element	   (as	   in	   PAMELA	  
Zgoubi	  model).	  

•  Mid-‐plane	  of	  DIPOLES	  is	  2m	  
from	  centre	  of	  machine.	  

•  Field	   descripCon	   radial	  
from	   centre	   of	   machine	  
along	  the	  black	  solid	  lines.	  	  

•  Extent	   of	   DIPOLES	   element	  
incorporates	   all	   the	  
intermediate	   driA	   with	   no	  
field.	  
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Centre	  of	  machine	  

45	  deg.	  

Angles	  of	  entrance/exit	  face	  
are	  parameters;	  lines	  do	  not	  
go	  to	  machine	  centre.	  

2	  m	  
D-‐Field	  descripCon	  
along	  this	  line	  

F-‐Field	  descripCon	  
along	  this	  line	  

Magnets	  in	  Zgoubi	  



Magnets	  in	  Zgoubi	  
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D	  
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Because	  of	  the	  definiCon	  of	  the	  field	  along	  the	  
centre	  of	   the	  magnet	   from	   the	   centre	  of	   the	  
machine,	   cannot	   put	  more	   than	   one	  magnet	  
in	  any	  one	  DIPOLES	  element.	  

Cannot	  add	  a	  DRIFT	  here	  because	  of	   the	  size	  
of	  the	  F	  magnet	  DIPOLES	  element.	  	  

Instead	  the	  D	  magnet	  DIPOLES	  element	  must	  
be	   long	   enough	   to	   incorporate	   the	  
intermediate	  driA	  space.	  

Zgoubi	  must	   track	   to	   the	   end	   of	   an	   element	  
before	  starCng	  another	  element.	  

But,	  we	  need	  to	  add	   fake	  driAs	   to	  make	  sure	  
the	  beam	  starts	   in	  the	  right	  place	   in	  the	  next	  
element.	  



Fake	  DriFs	  
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Fake	  DriFs	  

Fake	  driA	  



Fake	  DriFs	  


